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Abstract

In the initial phase of continuous steel casting, exothermic starter mold powders are often used to
stabilize the casting operation and improve steel quality. This exothermic starter powder is designed to
offer superior lubrication in the mold and improved thermal insulation on the surface of molten steel.
However, a conventional exothermic starter powder will not necessarily solve the issues specific to steel
grades, such as cracking on medium carbon and peritectic steel and carbon pick-up on ultra-low carbon
steel. Additionally, it is undesirable to mix a low viscosity starter powder with a ultra-high viscosity
running powder because of the large differences in their properties. New starter powders have been
developed to solve the issues for each casting condition. The newly developed high basicity exothermic
starter powder for medium carbon steel is expected to reduce steel strand surface cracks during the
unstable condition during startup. Also the newly developed exothermic starter powder for ultra-low
carbon steel was designed to be carbon-free and iron oxide-free to reduce carbon pick-up. Finally, a new
ultra-high viscosity exothermic starter powder was developed to match with ultra-high viscosity running

powder for better compatibility.

1. #8 1. Introduction
SOEFFHESHE—IL R/ —(FE—I)L RN THHE L Mold powder is added to the surface of molten
(SIS n, BN oREZ (T TOBRL, T RERE steel in the mold and melts by virtue of heat from
SITLOBEITRALTHEES NS, the molten steel. Melted powder slag flows into the
ZOR, T—I)L RV —3OBMO B LE, @55 gap between the mold wall and the solidified steel

* 1 ATHRZTAT 55 3THRED 2 HRE =R General Manager, Mold Powder R&D Sec., Research Dept. No.3, Research Center
*2 g 55 3THRER S5 2H3RE  Mold Powder R&D Sec., Research Dept. No.3, Research Center



No.66 2023

Report

I(g]glsug&r;ble Deckel, Floaters

‘Powder slag o

Molten steel

Steel shell

Inadequate heat!  Optimum heat

Fig. 1 Image of the influence of insulation property
on inclusion.
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shell.

During this process, mold powder performs the
following roles: 1) Protection of the molten steel
surface from oxidation, 2) Thermal insulation of the
surface of the molten steel, 3) Absorption of non-
metallic inclusions that floats to the surface of the
molten steel, 4) Lubrication between the mold and
the solidified shell, 5) Heat removal control between
the mold and steel shell.

Through these phenomena, the mold powder
contributes significantly to the operational stability
and improvement of steel quality in continuous cast-
ing.

During the startup of a continuous casting machine,
the temperature in the mold is lower than in steady
state casting, and the molten steel level in the mold
tends to be unstable. Thus, the start of casting is
prone to have operational and steel quality issues.
Fig. 1 shows the typical issues that can occur during
start-up of casting.

One of these issues is the solidification of the
molten steel surface (Deckel or floaters) due to the
low temperature of the molten steel in the mold.

In addition, inclusion defects can result from
entrapment of inclusions such as metal oxides and
gas bubbles into the excessive formation of a nail
shaped steel shell (hook)'?.

The cold mold temperature at start-up inhibits
mold powder melting which can result in slow gen-
eration of the molten slag layer.

Insufficient molten slag layer thickness can lead
to carbon pick-up from the mold powder to molten
steel due to direct contact between the un-melted
mold powder and the molten steel. Also, insufficient
slag flow can cause poor lubrication in the mold and
non-uniform heat transfer to the mold wall. These
issues can result in significant steel quality down-
grades and poor productivity.

To help solve these issues during casting startup,
exothermic starter mold powder has been used*?.
The exothermic starter powder contains a metal
material and oxidants which generates heat from
the oxidation reaction between the two. The reac-
tion is initiated by the heat received from the molten
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Table 1 Typical property of conventional
exothermic starter mold powder

Standard type
Starter Powder A

Chemical Composition / %

SiO2 35

Cao 28

Fe:0s 12

T.C 1.2

Ca0/SiO; 0.8
Viscosity / Pa-s 0.26
Crystallization Temp. / C 1000
Shape Fine Powder

T R-BEY T VBANDRZ 7T 1 )L AZN LIERKE
ERMOHEZERT D-HMgO, Na:.O, Li.O, FED
SRFHEM A DIEIBEE (CaO/SiO= 0.8-1.0)#Em(C5%
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TS ICTREFRER DMK TIRESINT LS,
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steel. The exothermic starter powder has a high
heat-insulation property on the surface of molten
steel, and by its own reaction it generates heat
and prevents molten steel surface freezing and/or
excessive hook growth. The heat generated also
contributes to the rapid melting of the mold powder,
and thereby promotes the formation of a molten
slag layer. The thicker molten slag layer formed is
effective in preventing carbon pick-up, improving the
lubrication of the strand, and it results in preventing
surface cracking by providing uniform heat removal.
Table 1 shows the composition and properties
of the molten slag of a typical exothermic starter
powder. Exothermic starter powder A is designed
with a low basicity (CaO/SiO. = 0.8-1.0), and with
high amount of fluxes such as MgO, Na:O, Li.O, F,
added to enhance lubrication. This composition
is applicable to a wide range of steel grades from
ultra-low carbon steel to high carbon steel without
having operational issues. Furthermore, exothermic
starter powder is provided in fine powder form - i.e.
ungranulated.

However, conventional products such as exother-
mic starter powder A still have the following limita-
tions: 1) Cracking on the surface of cast strand on
medium carbon steel grades (C: 0.16-0.25%) and
peritectic steel grades (C: 0.08-0.15%, Included in
medium carbon grades after this section), 2) Carbon
pick-up on ultra-low carbon steel (C: <0.01 %), 3)
Potentially large differences in physical properties
such as viscosity between starter and running that
may cause quality and operational issues during
transition.

This report introduces several unique exothermic
starter powders that have been developed to solve
these issues.

2. Exothermic System for The Starter
Powder

The heat in exothermic starter powder is obtained
by the oxidation reaction of metals as shown in
equation (1). Generally, metallic silicon or silicon-cal-
cium alloys are used as exothermic agent, and Iron
oxides, nitrates and carbonates are used as oxidants.
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Fig. 3 Effect of oxidant on exothermic reaction.
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These exothermic reactions are ignited by heating in
the mold, and typically are completed by the melt-
ing stage. Raw material contents are adjusted to
pbecome the desirable molten slag chemistry.

Si(s) + Ox(g) = SiOa(s) : AHr =

-898KJ-mol’ (1300°C) -++exee M

The starting point of the exothermic reaction, the
peak temperature, and the reaction speed depend
on the types and amounts of oxidants.

Fig. 2 shows a schematic diagram of the exothermic
behavior using differential thermal analysis (DTA). A
sample of exothermic starter powder is filled into an
alumina crucible and heated by rapid insertion into
a vertical annular electric furnace. The temperature
at 20mm from the surface of the sample is continu-
ously measured with an R-type thermocouple in an
alumina tube. The exothermic behavior is measured
by a method applying the principle of DTA. In this
measurement, calcined alumina powder that does
not melt nor react during heating is used as a refer-
ence. Fig. 3 shows the results of the DTA for samples
containing a constant amount of metallic silicon
and the same addition of each different oxidant at
900C. Sample A is iron oxide, B is nitrate, C and D
are carbonates, respectively.

The results of the DTA test indicate that the heat
generated and the speed of the exothermic reaction
are varied by type of oxidant added. Iron oxides and
carbonates show a relatively slower reaction that
takes about 250 to 390 seconds from the start of
heating to the maximum temperature. On the other
hand, nitrate shows a rapid exothermic reaction
reaching the maximum temperature in about 160
seconds.

By using a combination of several oxidants with
different exothermic behavior, it is possible to adjust
the exothermic speed, melting rate, and melting
properties to be appropriate for specific casting
conditions.
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Fig. 4 Schematic image of slag film simulator.

3. Exothermic Starter Powder for
Medium Carbon Steel

3. 1 Typical issues on medium carbon steels
at cast start

The main defect seen with medium carbon steel
is longitudinal cracking on the steel strand surface.
The surface crack is caused by uneven solidification
of the solidified steel shell due to the §—7 phase
transformation occurring which is associated with
high solidification shrinkage®®. Furthermore, steel
surface cracks tend to occur at cast start more than
steady state because of excess heat removal in the
mold. The main issue of using a conventional starter
powder for medium carbon steel is longitudinal
cracking on the steel surface. This issue is caused
by the fact that the conventional starter powder has
a low basicity composition that emphasizes lubri-
cation. Consequently, insufficient crystal formation
to control the heat transfer through the slag film
OCCUrs.

3. 2 Concepts for exothermic starter
powder for medium carbon steel

Generally, in order to prevent surface cracking on
medium carbon steel grades, it is effective to gener-
ate a uniform initial solidified shell by softer heat
removal in the mold. This reduced heat removal is
enhanced by forming a thicker crystalline layer in
the slag film with a high basicity (CaO/SiO: ratio)
in mold powder components. The crystal layer
works to create heat transfer resistance”. For this
reason, running powders with high basicity (CaO/
Si0.=1.2-1.5) have been applied”® as well as ultra-
high basicity compositions (CaO/SiO.= 1.8 or higher)
that have been developed for high-speed casting.
These ultra-high basicity mold powders have been
proven to achieve casting speed of over 2.0m/min
with lower surface crack occurence®.

It is considered that reducing heat removal by
utilizing high basicity or ultra-high basicity design
is effective in prevention of surface cracking at cast
start as well as steady state of casting.

The heat removal property of a conventional
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Fig. 5 Heat flux results.

starter powder (CaO/SiO.=0.8) and a high basicity
starter powder (CaO/SiO.=1.2) were evaluated by
a heat removal simulation test. Fig. 4 shows a sche-
matic diagram of the slag film simulator used for the
evaluation.

A stainless-steel pipe of 10mm diameter with a
water cooling channel was immersed into molten
powder slag for 40mm and given an oscillation of
100 cpm with a stroke of =4 mm. The immersion time
was 180 seconds, and the temperatures at the inlet
and outlet of the cooling water were continuously
measured with thermocouples. The heat removal
rate was calculated from the temperature difference
of the cooling water. As shown in Fig.5, the heat
removal rate of the high CaO/SiO. composition was
lower than that of the low basicity sample.

In addition, the melting system of the high basicity
designed starter powder was examined.

Typically, high basicity compositions have a higher
melting temperature and crystallization temperature
(solidification temperature), making them more
difficult to melt and easier to solidify. Fig.6 shows
the observation of a high basicity starter powder
sample with a conventional exothermic system on
a molten iron at 1480°C in a crucible inside a high-
frequency induction furnace. This result shows that
conventional exothermic system caused many dark
portions which are semi-solidified areas (indicated
by arrows), on the surface of the slag at the end
of melting process. The mold powder products that

Stickiness

Fig. 6 Stickiness of molten slag.
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Fig. 7 Melting speed on exothermic starter powder for medium carbon grades.

Table 2 Developed high basicity exothermic starter mold powders

High Basicity
Starter Powder B

Ultra-High Basicity
Starter Powder C

Chemical Composition / %

SiO: 31 24

CaO 37 42

Fe:0s 1 15

T.C 1.4 1.0

Ca0O/SiO: 12 18
Viscosity / Pa-s 0.15 0.05
Crystallization Temp. / C 1150 1175
Shape Fine Powder Fine Powder
Application Medium Carbon Medium Carbon

High speed casting

ZTable 22",
SIEEERAA IO NVDS —BFDREREAE LT
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OB TH 2. IEROEBEER L DESANRIE<E
FREINSEIIRAMFTE D, BB TO> MU —C
FESICREENBV [BRIEEE] Thl, HBHREINID
FMREBHTND, COERETO MNVDT—CIE,
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HE LY LVWHEIRMERE(CFE TH Do

4. (RERFMEORBE 70> NV —

4. 1 EERFIOZFEYIE DRE

BRRFB CHAREICHNT, H—RoEYIT7v TS
L 2RERBHIREE LD, H—REYITT7v
E—RAYS—BOD—RNBEBPICROY TT B
ETEL BB RERMETHY, BHLOBHIZTEE
HBNBBICKBRY S — BN BEENT 5 &

have this type melting behavior may cause delay
of melting and/or slag roping in the actual casting.
Therefore, it is necessary to pay attention to the melt-
ing properties and melting speed in the exothermic
starter powder with high basicity. By adjusting the
metal contents and the oxidants, smooth melting
has been achieved even with these high basicity
compositions, as shown in Fig. 7.

3. 3 Example of high basicity exothermic

starter powder

Examples of high basicity type starter powder
that have been put into practical use are shown in
Table 2.

The developed high basicity exothermic type
starter powder B is widely applicable for medium
carbon grade casting on slab, bloom, and beam
blank. It can provide softer heat removal than
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droplet.

conventional low basicity type starter powders. It
is expected to minimize cracking of the steel strand
surface.

The developed exothermic starter powder C is
“Ultra-high basicity” type which can enhance softer
heat removal. “Ultra-high basicity” exothermic starter
powder C is suitable for casting conditions that are
more prone to cracking of the cast strand, such as
high-speed casting that requires high acceleration
during the start-up and/or peritectic steel grades.

4. Exothermic Starter Powder for Ultra
Low Carbon Steels

4. 1 Typical issues on ultra-low carbon
steels at cast start

One of the issues in the quality of ultra-low carbon
steel castings is carbon pick-up. Carbon pick-up is
a quality defect that is caused by carbon in mold
powder migrating into molten steel. Carbon pick-up
is believed to be caused by direct contact between
the unmelted powder and the molten steel when
the thickness of the molten slag layer on the molten
steel becomes too thin?. After a molten slag layer
is formed on the molten steel, it acts as a barrier so
that contact between the molten steel and the un-
melted powder is prevented. Thus, a high melting
speed is effective in forming adequate thickness of
molten slag layer in timely manner.

Many exothermic starter powders contain no free
carbon materials and have a fast melting rate, but
they still fail to reach to the goal of carbon pick-up
prevention on ultra-low carbon steel. This is because
conventional exothermic starter powders contain
iron oxide and carbonates. As shown in Fig.8, iron
oxide is considered to enter into molten slag or mol-
ten steel as iron droplets that have been reduced by
the metal in an exothermic reaction*™. As shown in
Fig.9, a part of the iron particle is considered to be
universally dispersed in the un-melted powder and
reacts with carbon containing materials that coat
the base material, such as carbonates and residual
impurity carbons, and subsequently fall into the
molten steel as Fe:C. This formation and transfer of
FesCis assumed to be one of the reasons for carbon
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pick-up at the start of casting. The reaction between
iron particle and carbon is shown in equation (2),
and the relationship between Gibbs free energy
change and temperature in the reaction is shown
in Fig. 10. Because the iron particles are spherical in
shape, it is considered to be a molten at the stage of
formation by the redox reaction. In addition, Fig. 10
shows that the formation of FesC by the reaction
between Fe and C proceeds at a temperature higher
than the melting point of Fe, 1538 C.

3|:e(5) + C(S) — F63C(S) ................................. (2)
4. 2 Concepts for exothermic starter

powder for ultra low carbon steel

The method to control the drop of carbon-contain-
ing iron particles into the molten steel is to eliminate
iron oxides as an oxidizing agent. In addition, the free
carbon content is reduced to the impurity level to
prevent carbon pick-up in the case of direct contact
between the powder and molten steel.
4. 3 Example of exothermic starter powder

for prevention of carbon pick-up

Table 3 shows the newly developed exothermic
starter powder D for steel grades that strictly require
prevention of carbon pick-up, such as ultra-low
carbon steel. By optimizing the oxidizing agent, the
starter powder can eliminate the factors that cause
carbon pick-up and maintain the same performance
as the conventional starter powder for lubrication
and heat generation.

5. Exothermic Starter Powders with
Ultra-high Viscosity Characteristics

5. 1 Typical issues at cast start with ultra

high viscosity running mold powder
Ultra-high viscosity mold powders, brand name
“PRIOS”, have been developed and mainly used for
small size mold casting including bloom and beam
blanks™. PRIOS is characterized by ultra-high viscos-
ity which is 1.0Pa-s or higher. The high viscosity slag
provides various advantages, such as prevention of
sticking, reduced application costs by lower con-
sumption rate, extension submerged entry nozzle
life with reduce erosion rate, and ensuring uniform
slag flow between the mold and the solidified



No.66 2023

Report

Table 3 Developed C and Fe free exothermic
starter mold powder

Carbon/Iron free
Starter Powder D

Chemical Composition / %

SiO: 35
CaOo 29
Fe.Os Trace
T.C Trace
Ca0/SiO: 0.8
Viscosity / Pa-s 0.26
Crystallization Temp. / C 1000
Shape Fine Powder
Ultra-Low Carbon
Application IF Grade
PP Enameled Steel
Stainless
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steel shell™. In order to gain the ultra-high viscosity
properties, PRIOS series have been developed with
a lower basicity, CaO/SiO, £0.8. On the other hand,
the basicity range of conventional exothermic starter
powders is above 0.8 and the viscosity is below 0.5
Pa-s. Therefore, conventional exothermic starter
powder is undesirable when casting with these ultra-
high viscosity running powders. If the difference in
slag viscosity between the starter powder and the
running powder is too large, then the characteristics
of these powders can fall short at transition. The
mix of low viscosity and high viscosity slag results in
non-uniform slag inflow between the mold and the
solidified shell. The situation can impair the uniform
slag inflow performance that is expected from the
original design characteristics of high viscosity mold
powder.
5. 2 Concepts for ultra high viscosity
exothermic starter powder

As a solution for those issues, applying high vis-
cosity exothermic starter powder that has similar
characteristics of the running powder is effective.
We should note that the cold conditions at cast start
will tend to increase slag viscosity in mold during
which could cause a lack of lubrication. However,
because of the heat generated from the exothermic
reaction and the thermal insulation from the un-
melted layer, a temperature profile is achieved such
that an adequate viscosity range is achieved. This
stabilizes the slag inflow for prevention of lubrica-
tion problems.
5. 3 Example of ultra high viscosity

exothermic starter powder

Table 4 shows an example of a high viscosity
exothermic starter powder and the composition
of the running powder used in actual casting. The
developed exothermic starter powder E is expected
to improve the slag inflow uniformity and lubrication
by the exothermic addition.

6. Conclusion

This report introduced a series of newly devel-
oped exothermic starter powders to solve the
issues of steel quality at cast start. Exothermic
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Table 4 Developed high viscosity exothermic starter mold powder

High Viscosity . . ) .
Starter Powder E Running High Viscosity

ChemicalComposition / %

SiO: 44 42

CaOo 30 29

Fe:0s Trace Trace

T.C 4 8

CaO/SiO: 0.7 0.7
Viscosity / Pa-s 2.0 2.0
Shape Fine Powder Granule
Application Bloom, Beam Blank Bloom, Beam Blank
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